Burkholderia pseudomallei causes melioidosis, a common source of pneumonia and sepsis in 30 Southeast Asia and Northern Australia, that results in high mortality rates. A caprine melioidosis 31 model of aerosol infection that leads to a systemic infection has the potential to characterize the 32 humoral immune response. This could help identify immunogenic proteins for new diagnostics 33 and vaccine candidates. Outbred goats may more accurately mimic human infection, in contrast to 34 the inbred mouse models used to date. B. pseudomallei infection was delivered as an intratracheal 35 aerosol. Antigenic protein profiling was generated from the infecting strain MSHR511. Humoral 36 immune responses were analyzed by ELISA and western blot, and the antigenic proteins were 37 identified by mass spectrometry. Throughout the course of the infection the assay results 38 demonstrated a much greater humoral response with IgG antibodies, in both breadth and quantity, 39 compared to IgM antibodies. Pre-infection sera showed multiple immunogenic proteins already 40 reactive for IgG (7)(8)(9)(10)(11)(12)(13)(14)(15)(16)(17)(18)(19)(20) and IgM (0-12) in most of the goats despite no previous exposure to B. 41 pseudomallei. After infection, the number of IgG reactive proteins showed a marked increase as 42 the disease progressed. Early stage infection (day 7) showed immune reaction to chaperone 43 proteins (GroEL, EF-Tu, and DnaK). These three proteins were detected in all serum samples after 3 44 infection, with GroEL immunogenically dominant. Seven common reactive antigens were selected 45 for further analysis using ELISA. The heat shock protein GroEL1 elicited the strongest goat 46 antibody immune response compared to the other six antigens. Most of the six antigens showed 47 the peak IgM reactivity at day 14, whereas the IgG reactivity increased further as the disease 48 progressed. An overall MSHR511 proteomic comparison between the goat model and human sera 49 showed that many immune reactive proteins are common between humans and goats with 50 melioidosis. 51 52 Author Summary 53 B. pseudomallei infection, the causative agent of melioidosis, results in severe 54 disseminated or localized infections. A systemic study of the humoral immune response to B. 55 pseudomallei infection using the B. pseudomallei aerosol caprine model would help understand 56 the detectable antigenic proteins as the infection progresses. To study the immune response, IgG 57 and IgM antibody responses to whole cell lysate proteins were identified and analyzed. Antigenic 58 carbohydrates were also studied. From the results, this study suggests that the caprine humoral 59 immune response to aerosolized B. pseudomallei has similarities to human melioidosis and may 60 facilitate the analysis of the temporal antibody responses. In addition, commonly detected 61 immunogenic proteins may be used as biomarkers for the future point of care (POC) diagnostics.
washed and centrifuged twice at 16,000 xg for 3 min at 4°C to pellet the cells. The cell pellets were 162 resuspended in lysis buffer (50 mM KH 2 PO 4 , 400 mM NaCl, 100 mM KCl, 0.5% Triton X-100, 163 and 10 mM imidazole), pH 7.4. The bacterial cells were lysed by a freeze and thaw technique using 164 liquid nitrogen and 42°C heat block, respectively, repeated three times. Whole cell lysate proteins 165 were separated by centrifugation at 18,000 xg for 15 min at 4°C. Primers were designed based on the 5' and 3' ends of the gene sequences using online software 245 Integrated DNA Technology. Oligonucleotides were generally between 18-24 bases (S1 Table) 246 with a melting temperature of between ≥ 54 -60°C. PCR was by Pfx DNA polymerase Harvesting of Escherichia coli 265 The cells were harvested as a pellet by centrifugation at 4,000 rpm for 40 min at 4°C. The 319 We initially set out to evaluate the general antibody response to B. pseudomallei during an Goats were challenged by aerosol infection with Burkholderia pseudomallei isolate MSHR511.
Initial characterization of total IgG and IgM antibody responses

347
ELISA and western blot analyses were performed using whole cell lysate (WCL) of cultured 348 MSHR511. Goat sera were drawn prior to challenge and on days 7, 14 and 21 after infection.
349
ELISA results (left y-axis) show the mean antibody titer from all goats per sampling day (7, 14, or for IgM and IgG are listed in Table 1 . low intensity and remained that way for the entire infection period (Fig 2) . Even 2D western blots 367 probed with pre-infection sera showed multiple immunogenic protein spots reactive for IgG (0-20 368 spots) and IgM (0-12) in most goats (Figs 3 and 4 ). This suggests that the humoral antibody 369 response was previously primed to recognize these or similar antigens from prior bacterial The number of IgM immunogenic protein spots was much lower compared to IgG. At the pre-397 infection time point, a mean of about 6 IgM antigenic protein spots were detected but all were very 398 faint (Fig 2) . The number of IgM immunogenic protein spots increased 3-fold by day 7 (mean of 399 19 spots), but then remained stable for most goats with a mean of ~25 IgM immunogenic protein 400 spots on day 14 and 21 immunogenic protein spots on day 21 (Fig 4) . This result was in agreement 401 with that total IgM response to MSHR511 WCL (above) grew weaker over the 21day time interval. 
Comparison of constant and variable immunogenic proteins
Over the time course of this challenge study, we found that a subset of proteins raised a 405 consistently strong immunogenic response at each time point for all individual goats, especially 406 for the IgM response: heat shock 60 family protein GroEL, elongation factor -Tu, ATP synthase 407 beta chain, and heat shock protein DnaK. Many antigenic proteins were observed to remain 408 reactive after the initial response was seen. However, there were also many antigenic proteins also observed in pre-infection sera (Fig 3) . There were 6 protein spots that showed reactivity to of 44 proteins). Eight of these antigens were found in the pre-infection sera (Fig 3 and S Table 4 ).
415
On the other hand, IgM had the least number of antigenic proteins spots present at all-time points 416 with 19 out of 44 proteins and only 5 antigenic proteins reactive in the pre-infection sera (Fig 3) .
417
The total WCL reactive IgM was stable with the majority of antigens (19) present throughout Day Detected with pre-infection (= pre-challenge) goat sera; 0 = protein absence. 7 489 5. Using seven highly immunogenic antigens to quantify immune responses 490 We used ELISA assays to more thoroughly investigate seven antigens (PDHD, TPX, AhpC2,
491
Eno, GroEL, CPS and OPS A) that were immunogenic in this goat study and a previous human 492 melioidosis study including 4 patients (Fig 6) . The overall reactivity against IgG increased over 493 the time. The amount of IgG antibody detected on day 14 for 4 antigens (PDHD, AhpC2, Eno and 494 CPS) ranged from 110.8 to 133.2 µg/ml, with the remainder antigens having < 48.9 µg/ml (Fig 6) .
495
The exception was GroEL. IgG response specific to GroEL were at a concentration of 329.8 µg/ml 496 on day 7 and reached up to 5579.1 µg/ml by day 21 (Fig 6) . The concentration of IgM on the other 497 hand, increased mostly from day 14 for CPS with 28.4 µg/ml to 65.2 µg/ml for GroEL antigen. Figure 2S ). At day 14 onward, we detected more IgG reactive proteins than IgM reactive ones 552 (Figure 1 and 2) . The IgG antibody demonstrated more unique immunoblot protein spots from day 553 14 to 21, whereas, IgM reacted with more protein spots on day 7 compared to IgG (Figure 3 ).
554
The antibody isotype switch happens between day 7 and day 14 when an antigen(s) persists Immunity of commonly detected protein 569 We found 44 antigenic proteins commonly detected in all of the individual goats, and 8 570 immunogenic proteins detected in pre-infection sera for IgG and IgM using western blot. Those 571 immunogenic proteins are a small portion out of the total 282 immunogenic proteins identified in 572 this research (S4 Table) . Each or several goat specific immunogenic proteins were detected many 573 more than the commonly detected immunogenic proteins. These results demonstrate how variable 574 individual immune responses are to even infection of the same infecting strain with the same 575 conditions. The individual animals may vary in their prior exposures to other bacterial infections.
576
In addition, these are outbred animals with different genetics, perhaps creating different immune 577 responses because of the polymorphic differences of MHC alleles. However, commonly detected 578 immunogenic proteins with the different timelines for antibody characterization generate the 579 antibody response to the same or similar epitopes despite the host variability to infection. These 580 common immunogenic proteins are mainly immunodominant proteins (S4 Table) [49]. These 581 common immunogenic proteins give the insight of how the host generally reacts to the infection 11 582 and it also demonstrates those proteins' potential as general diagnostic antigens for bacterial 583 infection.
585
Highly immunoreactive antigens 586 By investigating and identifying highly immunogenic proteins, we found that five proteins 587 (PDHD, TPX, GroEL, AhpC2, and Eno) and two polysaccharides (CPS, OPS A) that showed high 588 immunoreactivity to melioidosis patient sera against four B. pseudomallei strains in our previous 589 study ( Yi et al., 2016) . Those highly immunogenic proteins were also commonly detected proteins 590 using sera from the eight different goat individuals. The western blot and ELISA results for the 591 selected antigens showed a strong ELISA signal for IgG and IgM antibodies from day 14 onwards.
592
Specifically, as for the proteins, GroEL, AhpC2, and Eno induced a stronger IgG response, while 593 the IgM response was strong for all five antigenic proteins ( Figure 6 ). This is probably due to 
